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,,. ' "_,- _-.,-_.__.nd that _'h,:s_:_be ._s _e.nsfth,e and reliable

as possi;',le, The ,it'-,<;< tion of m.'.'.c_oorga.'aism.; wLthin the intersL!ces of

':o] "H m<-_ _' _-- ! s " ,- _ ..... , ,s a .-._,,,,._-..;_;., _'.'_"'_ "_ _ w_ch may be ar, proached

_:;:e<'.,c,:ons ".,,.L;ea..::,.ectio_'.., r:;e ,AOQS which

_. _t','..... ,:t,,.,...i:_,,:_ ,:in:i [_::: : ,: _'-_<ted_._...Ln _:",_:_......,. ,._,.:..,-,._t.,.Y.".............. in.:::h_.dc'.: _<v[turing....... ,, electron

,_:_::: , -:_,,.:n..:u,-e _:._:: i,, ):,_;,::::eiut f[,:_, .t.t;i_:g. u(,_._:_: ce_.:?, si:_!'.,.ing, elect_o-

,,..,_.:.tu'_[i_x,'d_,",- "--u_,"itsthe ...."......... ,, ,-._ reI i_.b)) method thus far devised for

the det._tctfen o_ ,_c .......= ..................._=..,, ............... _._., me_:h.c depends on the ability

LY: "_ " T:3-C.O " _-._,__. ,:_,._ ::':£:?*:., _< , Ci;.'gii:;lOF._ ,_.._.;_* ; (_re <)_ CO_AI'S_,,

,4 ,(:," ;.:-. ' ::.:,:; t,h :":¢_ :'J,_S (_;! t!_ig ?-r_'i_C,_ -_ ...... 2,'.,: ..... ............ ;_._n,.:-- :. >,_ ,. _4:;._. ,_,_.:[/C:r .::hefilJ.c&l fiT[, "lITI [l

.............. v.a.,. ,:_,,,i.,.,....,_ ,..ja ,__,,s _{;:_Gthere:?oTe

wi); !:>,a ;__;._;l fn f ::a_::e_ i::.', )U; en:i TV_
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__L E<,:: K i_!:ff[_ ...... '........... "

t •

L;,(/J,£2_: ei.:,_:, r<.-'- .'::: ;;£ £ i% _i:_ . :-L._.:. vcT,<!_"e ......._, _,_,rg:" ' bv_ '.'.N _6ired e]eci"Iop_s

' "' .............. ',-' held. "- ..........

......................... __,,:_a,_ =_, akectrons and are

s_mewha[ _r _ ....... _ __ the vlbrationa!--rotational transitions in other forms

of spect oscop_y " " ,:_'_ _ _ '.:_T.,_;e _adf.c__:ls-_e_-. ,-..... _r'., ..... "- the• _,_ ....... i,_. _sc_ss of metabolic

;_ _:_ v_ t," ,_.,:.thh:. : :--ti_: ' his (:e<:]:- : ..... ;:_=,-_. .... _+,:,qu_ wa_ :<t:i to ......_"._'_ its I>otential

' "_'_=_ me.:_n5 o.:[ .:]s:aessir.c _L_-., .... ._ence of microbial

_-.................'._r_r_[ _': _-_-: i: ::'.:1 :_'t ::tai£:r:.:_.Ls '-r:r:._[, q [)_v,-._- fo',.tiId ].IIG,,"..... cl:,erences'':_

...... : ..... _-,W"" sei];s o ,-_.. r . . ,e :.._.ksted "}e :'..;_:::e_ :" ££b"_ .mt.d ncn l [_ske _,,.,.,, ;_..__i _; _o.,.-tunatel¥, tne

,3.'<:15:7 of n;:q_:itt: " - : ..... _ ....,'"-"_,:"._'_{_- i_ not su_ficlent to differentiate

between o!:h::,: _....... _.,.s which may occur in a variety of nonliving solid

, _,-:_- _. ,. -h a_._ ' " ' ,._x types. Since free,r_,__a_ _,,_.,:. o:.:q.sr_.c .... _no:,:gah_c, of a wide variety "-:

r_( _':'_: _ C:_.:t_.Ot - _ '< _ ; ..... ;_'__'" _ 4_ on: "_ - '_ ;;_,_,---v._:_-,_ ]!:y Sr11,:%].] .n , _-

_:" =_;_= m C) C:: fla :_ . :;)1: .: :::11:rc::{_P .::_ i.<] .,r:_:r:ic:"_aLe_ : _"-,i_.._ ngthod was

n " c3:_.( :- , . _,: . :._..,__., : ....... :::_.. ;:_. :., _ :{.._ ,:-<.:: :, _?; f;:r:i_er :r:,ves.qgation,

:('_: _ ::el _.;_-_."i:_ o.! micz,:;.:_r,ty_r_{.sq:_:: ;,._:,;t_i-_. ".hen::..x:i km<.Y<ior:ak groups

_,_} lob v,.':ry .',._"thL n_:;::.G_:: ;_:nl filgt;:,butb:¢, <>f _]..-_ctdcel charg_So A wide

;- _ "" S'i:,:.ins L-'trc:'<_'lv i:h{_v_ :ie:_¥ (:f m_:.:rc:_,a_, :_dh,£re tc ce}i _,_at_s and in some

c__%es tc t:,_ .y£: )):)],:_.:_{,=_ c:o.ts<].::uanl:s <;f m:.cr_bial cel_:._:. The speciflty and

t).,.-, _;g: _.-. <.] sL<k ::.-_.f_-)i:-:.'., i-_ P÷:" rtd ::_: _.:>):-,_ !:! <, fi ]..ec_f:;:; a{:_ture and
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to ,_.e,_._ _e_....._.... _},.e f;_Ps--........._,__of r_ic_°c>g_[_ni_ ns _.Dut i: ._sof greater usefulness

to _etezm_:_e wne_;'_:4r t}ese r_,.,icroo[c;|nisms _..reviable or nonviable. Spores

of_ _:_ subt 1::_ vat, /K,_,::_ " , C[osi:::ili,c:n sr_.;o¢o.:-_::es and Ulocladium were

....... , " ' ,-;_:-'+h-'d_ An aliquot of

- ' _ • '._b_-_'_" to th. _ ' ....

.._¢:t :_.4:: a_._';' .i_ . _-"_.._:.,__ _c:te to e _'' ._._:_- c _..._ , fcrma!dehyde and chlorine

ga_ o Su! s_:::,p_er_ti:/., bo :h the via, hi _ and nc¢.,,viable organisms were stained

.......... " - - "' _ .:_ff=."_,-_ noted of sufficient

magr',itude to "-: " : ;'_'_ , _.,._..........s .t,..g .... .... between _,_: "_; = _:nd nonviable microorganisms.

_ ._. m:;.c:rqo_ganism,_;° When

.. _ ........ .:,_._._! t_;an the non-.__-'.:._.._ _ 0't:,: _. ):>!:d: _:] _t tii2 .... i''"_ .......

_"'" °;,_ .... r ,_ _::.:,ivz::{:,:;- .:_ :: ).n; ':I_,(__ _ -:';"'°_- t'_;-:_:ce _':"_ r_-,,ver ink_/[erJ.ng and

_.t, .......... _ .; ..;_.,_ i: he ._;::i...:_..G_)t.nd i_hLs _,-_ett-o e; is oaiy useful when

the. :zol:d :nM._-._ '....... ,:%_ ]. o .'.:qe :" _ie_t-is _,om ihe :._,._..p......._._.'_-_...._ sclld do not possess

c_._-_'-:_ : ,._,_-_ .,_:.t,.,_r c:ase the solid
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[)u_{_:g <_e p::ocess of pu.{.veri:_ng sold :nate_ia_.s,, st_cturai damage

to the celt v, all an:i the cy_:optasm _:tay take FlaCeo The effects of impact,

ch':lling',, ...... _ ¢_,:. "--,._....... _,:-_:,_ _a'r stru.,slu__]._y alter the ce_l in such a

m_r_.nez ti_% c6i_ " - ....... nc_t L Tr, d-_-_ in some s, ocedure,.

_r_<:re pu] verization iS _[bv,.'ed to proc_eed {o £:x_:reme !iml[s the microorganisms

ma:y be f<' _c_,n_'_t,_do i:!_. t>t,:ler to _:::-nsnstr_t_ the possible _'iabikity of such

mic'oorge:_isK_ it is ne_;essarl _ to "_.ti]ize msti:ods wh .... h are capabIe of

deK_onsz_ ring vi_-bi!::.tI; ,{.,¢hlch do :_ot depend on cell division. The incorpora-

tion for r_'d[oa¢tivity ta!_ged weak beta e,_niti:ing isotopes provide a means

for deten_ ir_ing potential cellular viability. The presence of the tagged

,_:___."_',rio:_;e.._.=,.o. _9_.._.....i I_:,s.,.. a s<}r __i.H_._.._. fi:, _9 ,::rai£_ >botc,grap'hi,3 r-'°. u_=,,,.._sz.oA _vr:.tc, n is

S:!:;hSfl'ti-'d t_: ":eak :)+: _, {mlt_i;:}_; :;f:£:,¢tio_:)... ,,\:{ !_si<: be£_, rL:].rS i,nt,,::_rel(;t v_;it|_ the

pbo!zot] i:_( % ¢ G[_ti_gi,<::.-; i: 1::,::rod_<_:_ ,.::_._._:::d :_ <:..:':::7 grains ir 8 _Y'.,anr_e: som%_d]at

an_, { og<_ur .c ';::;_e e ffec,:_ of _ i gi-i-:.: o: pl_oi:<_,,_rs p_ic emut sio_t.

:rh.e [,:-:,ser_(:e of g:,_,_ patta<:_s v,o,h:.._h are confined with.tn the outlines

,_,aen,_e of micro._ial

cot_tarni;-_:ti:n if ade<_.)a:e oon!:rols _zre i_c_o:o_d6,d. When the opaque silver

.. ,.;: _.-._ r_,,._,_....,,._;,:: _,,,. S_,_z,_ or inadequate
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" ' B. i_,.:--:_} vac &!S._i_/ ,'_,< irctzh,ated v,ith solutions containing:_:_'01": 'S O_ ................. S o ' ......

izit_ ;m ._ .......I.A _) "_':;,"-:{-,_, !n this er_,i.. :;" _..... _:_ .h_, ......a ....... experim ii: wa_. found that as many as

:,:hr_-e ,,,_,_ ek_ of _<:_e;_ur_ ,;.f :-_:...... .........._"_" _-_:__s_t:_,.... h> t_e t_itlum labeled thymidine

,'.'e: : :e:::_,_ _,.- ':.:: .:.._............... . " _.... The; latter experiment

•,,,--........_- l _--,.....2!.u, *':..,,_-,-"::)n ct:._":- -:. _ ",!n_.s'' ;_,-_.,."_ t!:c:;c" emt [ 5: 'c,i:.-or_janism d;.stance was

;,.-_;--,-_ i. ; ::_-':::._:,p_:;:e_t t iait i.[ _."-:-,.,...o:;_>:Defi[e._ t .,.=__,_".o_aei-_conducted on a

_;_=',. (::_.f.:;::,.i _.... .... ' " - "- ' . ..... -),+,gI,_...:_!_:_,_ lOSS of

. e. ...... ,........,_, _i__.ez_ h_ve been ....... f_-.. _ .... :o provide no reliable evidence

o me[_lO_ riotOf _':,.]ccO_:_.[labeling ._:_ex_.._ tlds IS suited for the assay of

_._",.:.,'_:.e o : .._._t_ntiailv.. viel: [e micro¢.u:__nism.. _ J _. t_otid m_terials

C

+b:...=...... ",=-i.......t, ._..;. : Q,.,.... c,...,,.: .. _:_......;.,.. ..... .- ... e. ....,.. ................ ",dab o Under

:;?.,:i:i .;_ _:. -; '."-.;l:. 1:_.:: : i; : :::t :!;_:1._1,: 17 '..;_ > "' .... '"1 = £__::](_-'ei]:I_ oi_ the presence

L;[ i--4" ) .."." ]',_:; )11_(] :).I][_ _ I.G "ZQ]'I_Q;, d"L ;i i):i i " : ' !ii].':i_ !).P=') IL!:C{ _'_.O[(f.af[nr_ fOE

: i=2 i: _>....... ::: "._:_.-11_iT-:;.",.:+,_"__.,., . _ ..... ",_., :o :'t h_i _: !_ ]oQ s 15how

.......... t LG) _:.'-,- :-r: : -:.;' i _I,I_!.._>_!]:ZI£!L,
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r_ _¸ _ _ _ _ T

,_e oblect:.ve of ..yn_-.._e i _._".-_-"
of _ V_li[£/<y Of [1i--:,?},¢ .;[$ ;'.'.{,y :: :O-t;:= .1.i" _', " J.,,: >[ ,1 c t..; ;+. .Y.i

::o,_ow:nq :,:_ethod.s _._<;r_:::":rlc::'e::'. [th :z.... :_- __ ,:<:_:wiuh-:} : .:
,_,_}!_-F.,,d!._,$ _:_ [ II',Y ! t': S...>/ iI :ill :i..... -

)_"ir" " _........... i9_:! • _te :_iU-" ' "-

_ ¢ , (fi; . . . _ {L -:..-

_..,d.J,_- }3"_ ..... _ 6:[: ..... t-,_ - "

,-_,.__¢._ ._;.,_.:,. i1: ".-C i _:_]

:r,6thO:: ::: i.t?r <:_9':_.(t.ii':_: - " • "' " --

i!._ted , 77oweve_'. a d,:';'i: z!i_c::! s,et", vr "_, .rot _:#:c, / ,._:_,e ,-_
o_ ....... RCII _.dz,.tl.-c.l CCqI<.kt.C _S 511< / ;: _,_-...... l_, (-1: .;_" ":hi':"'6

ideal c.'::,z-d:t_o_.s _-r:a? b; c-ap::b!._ ,?'f suck, .:rowth, Ihu_.
detection of viabi.iit>, by son:e other meti_<: #s v_,ould k.e e>-.!:;,,i>n'_,£y
usef,-_o "_" °"znu potentia!l,_ us¢2Jl ?-'- '" "
that we:e irivestigat2d i;_this sh._:se inc'- _ _7_.t,_---,-r .... _',1::i_;
autoradicg_aphy,, and e!ectrc-n¢.J :'.,.,'-.e: zc _. u..ze :



I

I
I

I
I

I
I
I

I
I
I

I
I

I
I

I

I
I
I

1o !ntroductdon

ao Recovev/ _om Solid Maq._rlais

The nature _f _;li(_. ..... ;"' _' _-_P_.::.e_=: "_ " ' "

or., the ou-te_ smt'%:ce_ a.:::::,not ;;s £':.%:_ic.;t t:_: ,:_._t..: _ ::;.... ;e :: :i _: ::,r_ :-hi!.._.

of huG,tents and ,_ack :,_ -:_,,...,._,_---{;_......_-," .' :_;,:_t:, (, b.,:;.:_.::,, ' ;: :-: ::.1 _ d._ J::? .( ,; :o t::k:

place° CYganisms _,--_-_-: " I_'_ .... ;_";:_ '-- 0£ .....--i_ '

to the extent t'h_:.i: they aze _va.%l_: h'-.:]....r_:; *_'_.-_,,j..;,,,,,..:..;_.._............_,; .,p._It,'.::_:,f _¢tr-(_:',. . n._

The methods emo'_oyed to achieve this me.y k_vo_v,:_ _"__ use _,_ or ,:.,r

of the fol/owing principles: I) d_s_o.:;...__i_ " ble g_.

pulverization.

In the case where the _,l!d is (]_ _-o_ ...._ ,.:[ ......... '........

deficler,_c_,of this method is the Loxi(:.:,ty :)F............n',..::.£_:_ _ _ .....,o"_................._. - : ::. ::k_

microorganisms Although it _:_a;,be _,es,_i-_" ,_,_.....",:_-'_

organisms ,,the likelihood of the,r de__on_;.t_:atb':,._,_i_ _;.L,_._,_:.:,_/)e e;,_r_mel.y

low. Organic solvents are commonly :_e _£o d.......;_.pa._que.:_blD-;:7 ,--_m:;cro-

organisms, and it would be "- ,_"_'.... :........ _.;:,._:_-,._,._:<.cein

the process of dissolving _-_:_,_s The: Tn',)St ".f;;::_t ..... ' ........

techniques Wou_d _,: _-m to _-"_,_..... , ._:-,,_d6 _P F2 .::FC, S24."D_C _._:.:.r,:':o C:_ Y:& .::.:_:_ .:@;:!Q:.. _.
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D_.¢_- _'"-,! _';"_ _ "'................... _0 ,_L_OtV

is one of the mast useful me_h::,ds for a._:_:_-__-,- _ _": _",

the micr_rc,.'::nism ,:.o"-_ .......... :,-:,,,t:<: .c....._.: :_:::_.::; :".....:.:",:"_:

these nu_ie::ts t:_ energy ard ................: T::t.;::..:C :""

,,e_.: it:re:hall e:2z:::.rc:tra_::nt.::no _....:"'- ,..... . .......

:r_d D:7:?vide ...." '1_ q......'_.........,':'_:.':::<::.::'..::"_Q:L.[",>.}<,< _:? ' " '

methods o So_e ............,:_,.:::.I,'_-:-u".-,:..,.only :.::.:_:......ft.:.__......:<.: <_v.:: .

.......... ':= 0 ¢ Y_i:..... . :, r_._: .... __._..carbon dioxi£:e, d!kd :11%_:z,£:j_,,._..,;_(3,._?c_ , . ....:::.,.. _;k::.:. :4.,...o.,o::5::L'..:

a single simple fo_-':,, of c:rbon compound and ,'" : ....... , .......,.,_........._ nitt'o<gel:.r_:n:_he

atmosphere in place of more complex ni'.n-ogen c:)r::pounds, Or the o:_oosite

end of this spectrum are microxganf.sms which :{qui._-e {,_itt_rr":_ ,,a_]

seventeen nafural amino ao.:Qs a.....<_,:;_en <,: ::.._,:;_

promotion substances o _,-':c:_:r_i:;rc_:.-,_;_n,,--__-..........<,_.........-_:.::_.........o....7 :.wb::: k:3::'.':::_:<-.÷':',:_---

two extremes.

c. Gro_._h Phases

MicroorgaLisms pass tlu-ough slx @istinct :bases Im :h_.r c.u}tu:'al life

cycle. In the first phase (:el_ divis::en does r,e-'<::c,.::t:_;ho,<:v.,.r> ::he or::ani:-:,:_

may increase. :L::size and :c:cu:-t,uiat3 :_;:t@bo]it_._s: This <:c<]::::it:::e::.sts i_:

the lag phase (Fig,_xe l.-l). A ;stied of :_.--cre:::s:::7q!:,.::v:tb::to <::f'os )_:.:::oe:<
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g.:-owth are dividin_ -=t a more r-_pil _at,_ tha_'_ d_rinc any o[ t?-_ <_.) .÷r _, _es0

The logarithmic phase is characte:!;<ed by a con_-.tant cr expone _t ai grov._t|_

rate which is [oilcwed by the reta_datien phase !_-1 <_hich the g_ew th rate

is decreasing. The stationary ph_..se i:_ cha_acte._ized by a s_ead_ _ s_:ate

situation in which the rates of <:eit divisicn and cei death a,.-e <rprox:.mately

equ=.x.alen_, Finally there is _ t,n_.:-'.,e c[ ,:_e.-_'_,n,=_ '.':_nch the n,_ .,.er of _'_"

ayL:_9 exceed tho ..... dzv_cnng.

d. Concent_<ation of Nutrie_ts, ionic Stren]th a_-:J .Salt <_,'.:.rcehtra_on

The effects of concentr.atien of nutrients or_ _.le .c_:.__n,_ _:< e_" of

growth are depicted in Figure I-2. Zdeal!y in the absence of toxici_ y growth

media should contain such large excesses of growth factors and r_etaboli_es

that the extent of growth is not limited bY their concentration.

Microorganisms are also capable of survivin[] under extre..n,::sof

physical and chemical envfronments. [-Ialophilic o_;ganisms, for e:_ample, ,are

capable of growing in concentre:led salt so],ution._o Se,rne of ":..hereo,:gani_ms

have an absolute requirement for i,igh salt conce_:tr_ition for grow_ ,n. %:his

environment generally decreases cr inhibits the _'&t(;of growth of ncst ot,3er

microorganlsms. A wide variety of bacteria, on the other hat, d, c.o not g.-ow

well in the presence of even moderately low concent_-ations of sa]t o These

organisms by virtue of their decreased tolerance to ionic strength may require

extremely dilute growth media. The vast majority ©[ m.tcroorga_nis__s ace able

to grow at ionic s_::'engths somewhere intermediate to these e:'<t:en e_::,

i0
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..... ....J t, t., .. _,

_ ,,:,,,,.,t<.,,.,<{ y }.C.i :[_}[{.i=Fi.U[!:_ •_....

oxidize - "_" ....._u.,.u.ui:o <uifuric acid are am<::.[e ,-,_._l.........{_ _- -,. - .> _J ,.,_',j [FI U:'SI6:L_r,f_ _lE,{-_./i/

which is .........,-

opposite end of .t.i]!:_ .spec ;-_ur_ : ::_ ::c_::;,::.b. ::n.q f_:r :: :_ _, ::!..c;: _.::'. ;_ _.:].:. _,:: L: _;sir::

_'u_.stalices i:-_ Lh_ .<:¢_}_:s 2 of '.:i_<'<'_-! c_:" _ _ :".... • ":. ,./,is;,. [, t<n[:d[_:: : )!:._ :] _;_.

lactic acid as a t£:r.;_r:eJ ' _*--_" ';'- ........ . [,,.h_.,_ :,-._rt :-::• R,w,.__., _.! _.,[<} !L:.:I;S "" ; .< (- ¢ !:, :"Z!$ '::

rapid progressive -: _'_-_._ <'_.e " , li}.: _-__.e ..... o.09 iTi (TlOW::[] F!lt£_ 7_'"_::<'.-:, Ol'U)Kif _._ L..KIC'L_,F -

going a_kahn_ fen>..e_,,a_on may e_entuc-!iy attain suc_., a h!g",, pH _-,+ it

interferes with _rowth. I_ thence :ns '" ............ - tc.r ..... _ the p_-e_ _n,:.e o$ _ ._.!t.i', _e f_u:Iers

would resist such pH changes°

The pH of cu!t_;re _-_d :,_ is, _.n:p,o_:_t ;._.s ........ -, -,r_,__:-; ....

within ce_ain limits of acidii:y :.,_d -'" ...... _- ' _ ........

grow best at or ,_,...,:_,.._. -._e_,.:,-.. . ...... 7. <}: ],._.£ :h_ re _ :.-- i;]:. :,s< ,_h ,..'.it

require a very _cid pH. Fcr _;,: m _,',.,- ,:.'en.-_in _......,,-:_=g: :):,-tim: pY 4 _ --= :_

" " - .... _<._zo;¢ida,,s is active a- pt< i 0 _,zev:_.in_.cte[i,_;.:r_ :smt,lo!:¢_.and _h_ob_szz_u_ " .... * " " " o • _..........[_............................ i_

responsible [or napkin rash in babies, ,}::-o ..,:_"best <.t "_}t 9.0.

Sometimes .sdvar,otace _'_ _a_ _,- of i:he _",:c__. _!,itS; C [ ':i_2: _ ", _ :: ! £_l'i, £O ri!]'CV'

at an unusually hicd-. ,;,,-- low pH in oz,_e,:' - -,-, ...... _ _"................:, i_(3.<_ .6' i , _.,...-fq_:"(:[,:: L;_£ } ][]

l
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__ ,:,_ n._ L:_<: C4v.;,J_z<{ -.<+ib:.-_c "- - made e_{ _..... _ . - _................. :==._==.._or_ stoo_s a!ve ": ,.. _. J: which

+::_ _:: _---::< ' 3:_ o7 '.7"._,_dh"i , ,:;,._ i:<.;t .L-::t'_- :;-_O c:,: ;.:c_._;_ of i:h..--.;.'.:ther

_::'e :O:CC, _<_qq;-7_:":e 71 >:." tO>:i ....... ' ..... "..... , ,.,..:._ +. _ :eT_u1[? _[i _...:+_q,'-7-._iolo"icel_ .

'"_"_""..._,-,,_,._ n in wb<;h....... t!L£ c:ca:oJs-;-.",_c-;mc,.in5viable, _t,_'_'_ re._roeuces_' only after

{t w[Oz©z a_ C[ ]act ,-'- ".... _.. pe_,.c,c. After su.sh organisms have been allowed to remain

._,.__._.._..vi:] very sm::-.i]............= uuL_ ......_ for prolonged

• , • 42_ ,

per:.o<:s o .;z_r;ea....,.m_i,_....--_..-," _is _;';_4_:"_.xt,_.... _' ' _o_A_t{on in either

,-;{_::c< ..:..1<,<.._.:.ied;;.l_:e._st,:defng pher:c,rneno.f o ,.c;,-'_<_,,,orcanisns ace often more

..... "" "_..... t]%Zll " .:e; L._.;- _ :,.:_ : he ,:;!ect _ o_ }-'.:..:;.z:;< :.,._.,.. organisms ::tom the tooarithrnic

•,.._se <.'.> _. :c ",._,_,._ :.#-.:_e [-3).

Sorr. e mic::<::o;_qa_,_isms are poisoned by +'_rl_ presence of oxygen in their

_nvi_ccn_i_er.:. :.'7:e:::_e ,:rg _nisr:_.s c_:+_, .c._"}ed ck,!igate anaerobes and, for the

..................... ,,: <_ ......... :._ :.'_'_:-:s.l:o_ 0,.;9c, c; th3 o :gani._nn is highly

tt_' _ :J7 .5,_i:i\7-: Fe_;'-- <):: : ]:7_<:C O._;'Q]_i{_7iS [_ .... :4"" _._,_].'._ _'_._::<) .;.[ .e:"<t: ff n _.. hC .... , ,;I...l _..: t,.;..

........................ ..................,a,,:_...m_-are capd..-,ie oz grotvtng

, :--_,-:ice_;_.iri. -_-o [.;_L_.e; 0:. _ondJ.t '- - " -' ,-':"'-"'"'' not be

• r,,_ m_.i _u;:l_. <:>ro&n. "<.r<-.,s whJc} t _; ........ v _r: +'-............. •.,..-;.......--.,-_,_7,..'-....,.<._.-.......,;of o.<y,_e.n as well

; _,_ <.al '.c -_ _u_t:_.ti'.:.._ .......... -....... "..... - "' of " " ×;' "

::h +"_',_"'v::.g: ;., :;<)j.; _/ ..:_..;.<1:_ _ ig:z : x,,, %!'--_.r;L.er.:., [o:: . T'b._<,,.,o._ organisms

: .7:7 J:2:.:7:: _ ]." ?_J_,.J;ij;:,7:_D'( ;<;7 7:<::" :' ..7 '7; :1_'_;3 {l '_' !_Ci]- -¢_:_o..... '.:-_''_.._.........._ ._,"'J-_ .
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x 10 6

, ".. _ )'-,*:_arithn..[c.._ ohaE:e

/'k Cufl.ture i,_ late
m _ximt_m stS.tJ.OIlSPt

p_SS

. ,j ......._( )

5 i0

• . "t

\

"-%

!

J

Time {Mir_utes)

,:g,)r;<_. _,_,'.)n h et_,:;een ceils of you_g and old populations sho,,_rlng
_.-_-*--'_--_.'-_.... to _ lethal, aqent :)a{'_ _aD|,e6; f_om _a,,v data of

_,

._-.._,_,:_ _ ,_
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Cj _ "_'_' " _ "_:__:_i _' ;' _ S

.... t .........

show & qrowth _- "" ..... _" " _'_"/ " _ hi: '-"::
*'_'[)"' l' U [ ' _ i _ : J:] { : _ Z 'D ([ " , ' '[ . .... "[{_' [_ ;'':'[ [: ' [ ; : . t : i. [_l[[_ '

vzhe:teas those : ' _ " - :-' -"°_'_"="_

35 and _r ........ _ _ ,,_ .... _. _ -'_

IVo_: only can ,_.:_.:,, CTO:'_ _.i:'h,t r <'<:.'t',_,<_: _¢_s _" t_: \:'.c:.t_it_ _ :._ [,/,: sp:'i.r::::t _"

Vi_ual!y all mic_)orca "ism_ cnn w[thsta__.ci iy.,, _=,,.........,p .........,-_,' :es _:_,d _,._=.._"_......

freezing for varying oeriods of _'- _---_....

' " '-,'_ :n bydestroyed by the formation of ice _r_,-sta_s._,_ . wlt_-nn _',._,__:'_ celi +,,..1 ._ or

shearing effects of ice crystals as they are fo_:n_ug .;, +'_,_ msJ::a a ..:_ _._._.;..::_._

percentage of all -_* _ of ' " _....... " ......... "'] _.... "'_ ; '"

exposure to such ,._mpe_,.,_;_ o

z',_;:_.li_ =._, fi!i<;/C,q:i'_!?.;_Y,.'];; Ciifk OUC.It.f,_)/c_.::.% [:_ _:'_ _:i i ,:;i_. %! 51 [_-Ot.i;[:i

some grow well ._.=_,"......<he p;-es e.nce ,0-_:'=_,,. _.......f _.::_!_°..._. ]Ut_U- ti<i _;_ ..,, _,,._ :<-'_t_...... , , ;_,::

presence of moisture is pa_d:icu',:ariy ;}:_p._:'tan_: v,/,- ----._ T_o_ ;:L;.ist ! :_, ;i,:::,e:-._i:'__-:

effects on micrc_organisms o __ _istance of s'_ore:_ -_'._,_=_: ....................

....... _).,.e.... o.ose_:_, in 1:he _--.-i,: , s---_ _ Aenvironment is not nearly as great a _-_'- " ' - _

well known f-_/otein, ova _;_ u.;._,:; m._:v{ be ....: ..... _ .... .".,"t r_ .... ;e _ ,_ _ _,_<_,-_,_---

in eh_ d r_'_ ::-_C'_ewithout h_.-,.--,-._.,r, ::,:_:_.z,e= . c _._:7_:<7_:]<:::: of:
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fl c_,._r tn h.e::_ resist_:_::_(_..-_ _ is n',.ar_if,:-:_ted Ly i:ke presence of colloidal

:_ _L::.:_::r: e::;. }[_. :_ : e',_.',. ;:;ow__ .%::: _¢_:._:.:_p1;_ _ _ha: the tempe_atuce _:equired

_'_'. .', ..,'*}_' _, ic'- ..'_._" {,..,'_ _'_'-['q-_... ]]_'}C t h-.*'_Z [_._: Y[i.'ir-<,_,_ 'v f[a( (r[itSed in. steam or ,:,t,: as

c,)nt_stt F: _ ,,_,i .... T-- - _n..,._ d:e vclume of most bacterial- ,-.... ..ro _. E,3_ r De _Ot%d *" "'"

s )ores i_ :.:eugh_<yequivalent to one-tentg, that of the vegetative form.

T)iis sugg_-_s that one reason for heat resistance exe_ed by the spore may

be due to, tke concentr_..ticn of the veget_tive cytoplasm into a volume one-

tenth the;: ')f ts origin{:]. 'Jo_lume, and hence _ blo-cclloid heat stability may

b_ part :f :he e:<planatc_, h_creased con:'er_trations of calcium ion in the

med.!._: :_ ] []-.av,,!se !.e_)ds to added heat st_ b::',[>.yo It has also been shown that

f_.tt_,, [_ci is _ddcd to th ] g--ov_h medium _e_p to impart increased resistance

1,o heat°

2, Di _cwsslon

Th_ _;.....,_.o_ _ _h:,_,_t,:±t.:...x': of _,_A_..L,;.g--_' ...... r,'_et _o'_.s" for d _te.nnfninff_ sterz_ty'"' oz"

..... :..,_':..._ it: _<,e<: c:t].y .ebU :..f 'f d:..e _,_C--,r_-_,:,_ to re=,roc, uce and

:-[.;_',°i _,_:.'._ T: '_-5, G._.e :.1: ] _. ,i'f-_r !:, yi-,e:_;hO,'rtK,t }.e_:iepen_<:,r_t_. / of r_-_odu._=_;n It

i5, C::)F_G_% <__b] e :F:=__ it_:.t:¢,_.._,.j-__P,...,_b och- ,.-,¢_-_s!st )Ai s_¢.xi m&teri8].s for

p:'(:4or=q_,i__ ..se:_o":_...... o:: 'i:_._e and yet f_dt_ tc _.__'-,_5ete._feP. by cultural, methods

............... ...... _o_;,po_,_.o.._. of the growt:_ media _ the procedures

U3e(i tO { _:_{'.t ....... "_..,,.,v,._ . the lmDrcp_:::: tern :,erature or F.:F):1"_I1_'9c t_e presence of

__..... . .................................... : _,: _:]<_:-:{,T:,.<_c, =_ .,_,,; .:.-_,:_L,.: or .<:on-o re.a!

t) _,_v c::__E{ t: c ::,
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media for any pa_icula_" °,..... " _" ' ......... _" "

, _ ....._"" +#' i.'_C'concentration fox'any single c<:¢_._::kli;ue_:_::. 1+ is p<>_ _i._:]e f::,r:__. r :._:':...._ ........

ade_:u ate .'-:_,___ !_ constituents fc:_ _: c st -_._,,__.-"_..,,"._.:_,_..............___:: _,._;.,............__ _; _",:_ ", _-_< _:<q :''_< _{__ & - ..... .

O_.'ganisn_,s t,vhich have ' _ ..... -_ ...... _ +¢, ' "

may lack the ca,..... _.... "'

damage This damage may be revermth4e in the ca,_e )_ ex_>s-u_r_ to a

variety of chemica! disinfectants (h¢:;<ach!,.c._o>h_:m, anti <x:_ :e,w,a / ,.-:-m.:..:• _:_e.

the grovrth of a wide variety of m,,.,,_,,_-_,,.,,_ ..... _ ._, _,f2'.:,'_t:.:. , :.:k dt_r::_:,!7_

may be reversed oy _'-_-,_W I_:_/'J. -_'o..... /, :...... ;-;<>r :::it<,_',,

by the inj"_red or-_anisms and that th=,v, ............e,..o_='_,'..,._._!"............ .,,,,:_ ,_!_,,-,,- _-_ '-;<<i;,--_,'._:ii :<.:,-

Lt,<ew!_e ,. _t _" .<;;{t;/v,;<__:.6 -t .............hy_-ophobic cel_ membrane .interg_ce. '.... " .... ,._- ,_._,._._n

substances may be added.., to _',p.:_",:_.e'owth " _" .... ,-.,=" '.-..'._-.4

by ionizing radiation and th_._,, st:bse<Tue_%i: growth, t.:_k(:,s __-".=','"_.,.,<.,. o ,+:_..,.,,.,...... ,_ "_'.-_<

has been done on attempts to : .:,<<srse '; ::_,eff.._t;t_ c f 7:_;::.n: )r: ,_i:;! oo:,:,::.[;):_:i:h,)rt_: o
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Co P)';;C i_,_)'-i; ij.< " _

growth is glow or abortive Fete£,q:.i, or: ,_-;_,_,-_ ....... -_n i:e .c.'.c'eas _,_ by

centrlf_dginc,ff_ui¢:i c: _.ttu_e-s " ,b -" ..... "- .......... _ _

physical method for the study of _:_,_ _-:';,_, ' P°

resonance involves the absorpti¢.n of incident ene:,g!r-.umbra.,__ .it.tinemizro-

wave region) by unp,]ired electrons ..... _,_, _h,-_ _r}P., _anc_ ,_<: _ r,:6 g _e[ic _; :]_

ao Theory of Method

Magnetic .resonance is t':)e 5,hen_:::__cu-,_n c_ :b._t!.::i::.g tT'_-'f !: _c,;.S

between unpaired electrons of diffe,,ing en,:,_gy ;et:_i¢. 'Yh.e_._; e: e: gy

transitions are analogous to vf.b_.-_ti,'.:n:d-.re:_,,_t_.o_.al iran,s,_tio:-._s :,_ ¢h:ter ::::c_s

of spectroscopy° Electron sp.:,,% ::esonance is coerced:ned v._i¢..:_the magne:::c

moments of unpaired electrcn_-' ............ " "

cc_n be detected and. _neesured ::n s m_,.;,::_.tic ,qe:xl ill ih.fi_ :_pl:., _.:: .__.:-_:'s.r:ed

_8



b,, _:,-u:sl.::_c,::of :ife{:,Rad .:sa_::i_.:::J::':,:,.g_)?'.:::_:_:_

:+.C:-.c_-ds <;f D_7":_"_o1 _c c.L.i_,- :.. _-_:: Y._ j':::_ L! i:_ z!:g_2 :"1_7"5 ,! ::: :: ::: ::i

coilcerltro._iollC_ _',_"_f " "_ :' ' " "

to 10 -5 M) ex-_en:ci.y _._noitive ;_'_-_....... ,......._, i_ :equhec :i:'i e '-_':.,-._ of

most electron spin resonance, detection containers is on the ct(er of O 1 to

,, cm 3 " " " ,_.=_,m-.,tc,= ............ Oz __,,,.....au.,..,u

systems r¢ovide,, e ,....._._._::. i_.eg'-:,.s" (i=.=,......_._ ., . . ;<,:..,.:..

1940 sug,:g_;st_.d that a!thcugb m_}._. ._ _-:..:y:J:?[:ic ,-_3: d,:=<:':.oo ¢e _:< _:_>: .-: <':_:; ?::_

8p:_-ear _o invo:;ve ['_.c elec 3:,:::. i:P:j._ISL_<,::I: ._:!,.::<:i::o: 1"_ at+ : :.'i _{.=:P:1 :-::.: :. _ .:, :: :

one at a time 6.:_::er the _-s-: ste:?.

Care:_,_i:y det:_fied _].gc<_'c_.: spi:.:, ,_<;sor,, i_:<:"-_, i:we_.t_::,<.? ,_ ::f s:2,. :::::,:
s'

acid dehydo:ogenas{: have been i::artic_.lar[yu.sefu: :.:*:_.:-c,vi(_.:n_:::if©,.r_a.i©:;

regarding the role of _ee radi<.alsin enzyme c.,::t;:lTsedl-:c,::e_:_: ::s: (FIg:::,;::4)

Major sou:ces of, ....._=",=, el ' " _..........; . ...
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(After [iones e:ta].!.9_152)

Fig_rma I-4.

the Acid by Succlnic
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_._ v_ _3_ _,._ _!_ _'vir_ .7/_,b.%e) -__,::_:_ _"..,i _- _ !!L_VH'.,.. %, !_;'_r q _%_

L_ :*5 _! ..............

3
b_. cvt.cci_:omes b h, _ C, _,_:.,. ::! :. a

4. a.

c) h.....rv)glob;.n _, r.:r,,,o._k_b2_

" • ° • t. "

""':" L_;. "_"_'GS ¢'

p>_teinso k £_:s k ->J-_, ""%j .......... "

outer l_.)_ou:; i;:_::.'., ins v:*' ........... ).,....,.,_:.:.,,.:. <;rz_-%2m::_;.:::,'. _;,,-9.,::e:.

D_so,,Fn_,_..( ........_....acids t_'_N '_-" " _o_,--**",.:;.......r. _+o,'_ .... "......... _---_(-v, .."

excitation° Bioloqica! systems car:(?'Ing out _it,,,,- oxictitivs c: red,)c ire

pathways would thus create a ._.ead,,_- state stre_m _f _,.p_,red elecCror_s,,

As would be expected, when the ilvi:->:; ":rg__-,.'nism .._'_.,,_o longe:, iI. "_,..,.....t_ H_'i'_q

state where un_i::ed elect_'onr_-.: wou-d_ be :io_%_cJ _ ._.,,.D... ............ .;...... .... = _,/p,_zo_.

to _= essential ccmponen::s - _ _-'v' .... ....... -_,.,'<---

role in biological oxidation _:::.r._ --"-"_

Other types of syst,_ms.......... _,--4_.£-:.-...........,:.q w_-<c.'_ :,87................8,--:u-,gz_._o.,,_:--_...._- .-_.,,_:_"_...... i_ay

be dernonstrated o '" ' -_, .... _ _"'_ .... : ..

but which is a non|,Iving tissue and .',[oH,owing e,%:..-.',tnca._hght exciiation_

contains "- " " " _°:" "" ].___ : -': '_/D.pal.,.eo. et.ectrons, :zen_.-.<=:-.:ozgyi in ,=-_, c_e_ ._.,.:,::_e ._the :_?'ze=e-__:,..........

of imoah-ed, _,-_;ctr;.ns" in ,te.:,' .....:,.,.J-.,; dyed :,.,__h..... 'Ta:dc z :; 10:;.'_i::,'.c:',.,-_.:; , :;}:£ '-=............--:_,,,, =,_......- :R:

. " " " ' :,.c:L_e [--o ,. ,_;_ "-.)b_ 2t.L: £ _," <*"_sDectr_Im oJ: m:.,modoo,-n is :,>*:',',","_J#_ :": .... : :':_"r,

amino ac.Td '? ...... -: ..-" _-" t_. _;.c_,:e :_:--6
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Figure I-5. First deriv,_tlve ttace of )gar_magnetic re.s_:nance

absorpt.lon developed in bo_i:_e hemoql,)L'.i_, after

this sample wb._:n i_ was ,:I._,r.'.z_q rio ro_t:.:n _ _rr.:._,:atm's,
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Figure i-6

trlpeptide c_n,. pos sd ..... -, - d
cystelne This _ompr>uni_, in _-_'-_"-,r..-:,

was placed in a tube and the tub_ \va:.:_e'"a,: u._i;_ :J ;a an

attempt to remove oxygen. The tube was then. s :_-',__
and the compc, ur_dwar-;_,:_...._...__!i:)_,7°r_.and :.-'_.-_,-_,__._+__=rl
_%th ultravicJ.et:t,_-t L_r'.lr_no ff_= "_ .... '--_ ......

0o15 ga'dS$ at r4.:,:1_ _:_L,:,_,:_ ...... : ................ :. , ._:_
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Hec}dy and Di_nmic}. might oootn' _, o;-:_,,=,'........ _ .... ' ..... :._ ._.. " " _ '

steps were taken ':;-._=_ " ",_ ...... Of r, cqh_"i_ ....... "" T'q :.._"Lt_"

quartz tubes These tubes were __inches ' - " ".... _.,o_g and 2 mm _n _.n ere/ in order

to fit the sample holder in +h _ \:_ rIan !PE _. ................... "" ,:_ - ,' ,_'-

sealed on one end but o!_,en to the: _, ,. ::,_.._:::.'_*'_--:_.oz i':e o,:_'_e,."_o :. :(e_;:_" :,1;._'

...... spores hec be_::r_ dTio_, fv,_m ....... r _ _; .... _ ..............

and were i__ the _orn of _:;" t::;goti:,:l; :._ r_;:l: ? ).".J'_';, }]' >e: _.,r P_ ....._.-_

9 _ x I0 II smc'r_s per c_ram o_ ,/¢v zo_,,-.i£-,=-_,, :_:_.-;, [uLc-._r,, a,,._ _s[_ e._h,otfi

0,, 1 g_am of the!! From the c --'_.-_" ; ,,. .... ooi;es '_;9-._ %.u__te._ _nto- . , _tf-=:,d._ C:O/]']IiF;CT = _ _ S " .....

a sterile beaker using a sterile fi-_ ..... _c,_.

small glass funnel they were then transfe_2ed into the qu<_-!z t_ es ° Yeast_

Q
in the form of dry active cells (Fleishn_anns ba)dng yeast) (ap)/,rn_o $ x lO"

" _.. I%cells) were similarly dispensed into .quart_ _u_es_

Using a disposable glass ;iy_,.-Inge_O. i ml of the liquid ,=_<_-_^_ of each

of the bi,_c_Qes_" ethylene ox_,ze+ ethylene !mine, _c_:-;I_':_ ,_._eone o,

peracetic acid (40,w was placed on top of the c,Fgunisrns in t'a,_:uDeo

3 ° Results

The bacterial spores with and without ethyl_.,ne o_-J.de_, ci:l!orine,, or

ethylene imine gave a veD, strong signal (in exce_4s of 1 milL_._'ci.t) _ The

yeast gave a weak _./gnal which was i:he same _,vh_._th,,._ o_ -;_ot t/_.;_y _.ad been

treated with biocide. Heati:-._g t_,_ tubes gently pr_Jucc.d a de._.-k._n!ng o.:. the

contents and an. increase in signal, 'Fi"!_ same effect of h_:K:i:z_: (-tha]_':i_g)

cccurs with sugar, ho_vever,

4_
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-.,_.tz,_e to near ::,_,.c,,:.., ..... <n ....... _=:.._,._._ az:..d

L-era a _,', ; :o disL_nt site _,.-,tb.i c:, ]::_tt!c_; '::_,='- -" _ ................

.£

polarization of the ct_stal due to the it, n i)air qn4 ]2 _] tt e [c.]._ [_ °.-"'_ ....

the crystal due to the separated _.ons. Due to the vast :ange c:,'[_essibie

z.,._.er ..... :_.,D._irt _:£_ .:3::r< D,i<'. c<)p'[_:c "_-r,_'_" .=_","]compound crystals a-:]d types c.f ",":,_ _ .... _,- _ ...... ,............

occur in nearly any range and so;id ob :.:.c.u_e _o.._,,_-;_s_ . ...._...... ,.,:_

(due la,.'gely to _e..,-_<!.agn.eti<; r _-_r_-, .... :.-_t c a:_:_..:.x :<_::,;: u ...... '

copper _ _"," mo[yCian',;m and ........ _,o

' ' : .... 3_e< ttO_
&-

5o Conclusions

Olearly_ ESR if it were _ffectiv _-in detect;r g the _-re_i_r.c_ of living

organisms in solid materials _ wcuid cffe_ _e po_ib!e arbxnt_,_ _ _f _'_o_-

distingu]sb_ _,.--+,v,_..,_,.,.._o_- i ivit[o ,-_-_,:e. :_. _..... <_ ',J. s ;->e-,_:. :;: t; _ 2 U< _.., ! s . _:..._.: cad
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dead ce[[[s is :.or _ufficie:.:t::?'P::::'_:ye:it ',_.--+d_ /.:-l?:.......}-.__h _.'_t:u:ib£ u._eg,.:S

Many solid_, derived :iro:n pure_ y non],ivh-_., .... =_-)'_ :-' _ ..... _,- -

ig al pl of tl _ _'÷_-;=: _ ""o"s n s., EXdlL 6s i_ s .._-.,.,, :__ ................... .

._.pn_.,,yl I_iCp/iky_ rasin,a

phthakocy.-:nine

a I_i;hr[ ce_ e

di met:]y! :tnilin:%-bromar?i i x_m :i,]£'.x

In ao,_i:i,.,n "_o the _3.._.:,J..--_'_,'-,'s _,_.....this list ).xe ::,_,;-v. ".......:'%"_, _ inciu::ing

plastics mixed "_"wi_n metals

EPR spectroscopy would not be useful as ._ method for t::,.e _ +_ "+'_,'_

of living (or even nonliving) rn_,.rc_.,_a..,i_r._ in :O_._.amat _ri_i',

C o STAINING

1 o !ntroductio:_

a o Theory of Methods

A wide range of dyes are avai[ab:e whose staining char: c:teristics on

microorganisms have been inw_sttgatedo The b!_nding afflnit_ af the stain

for the microorganism may reflect discrete and ;'ornetime_: reR tively speci£_c

chemical binding sites on the cel_ wal_ or cytoplasm of t:e ?r:anism, For

e_xample_ Alican 51ue is a dye whic!_ b/riidS tO .:_;id::::: st:.b: to._"c_s and is

useful for showing the prese:w e sf 'K_i:: u_,_c:.:/:_F;_Z:c:?l:::._:k_. A <,'ia<_

2,5
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. o ..... da, Use wY:h <:< _-: _ _ ..... --'- _-

W"nen bacteriological stares are i:%teracti:a!; with r.,_.ic'.ro_.r i_a<_isn:,_. , the

binding affinities of the dyes for the "_,':_,,'=-_ ....cr_c.,.___ ...... !:ecome h!';hly ::r_t.ica] if

the affinity of the dye for the mlc,-oorga._.dsm t;- higher that..'.:ha.', of the. solid

fragments of the materials : concast ,<_ ;,,:, a_-_,---- r_:_, .... ;'i_: _ (:o _t:ast is

highly impori_n.t and should un<. er ideai.izei cc_dil ions re_ ..it i t a._ ,:,_:_._t,nf:,<_:[

background of solid _agr:"_er [$ and inte;.;ae_ cL_,.r.:_ct_eristio s;::_.l It:_.3 o{ the

mic_ooraanlsm Theoretlca!lw c, ne of the :-_-_",.---" - ,_ : - " "

to provide such, staining charach_risi:_s invc.lve :he incu_.-t_cn of the

pulverized solid with very dilate stain solution° \¥_hen the mi¢ :oorganlsm

binds the stain and the background of solid mate:.ial 5"_gme_?ts <io noi: _ta!n

the presence of microorga_ism_ utay :.e :_st-<?!-_::::eJ, A '-:et::,:r d !::{pe >i _p;>::;:.:¢i:

may be used !7; which the pu]':e:i::ud _:<:]:.d '.s t::c_.tm _] :id_ :_ . :: _: <::¢:_a.-.-:_.nh-::_:<,:_,d
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by treatment w::.':h e_her _ _ ...... .,.,.,, o,-.... ,-,z.....,-, _.........

the bind,".ng " -;,.e dye !:o t _e .m:._¢:'__ :.f-.:h.s _:;,:.::_..::i*: -"-'"_ ,: s

its :emov_7.. v<d.;-ht,..,=u'-soiug.c_s :' =_-:": ..... _'-.-, ....._............_ _-._._",_-" ;: eb::-c ........ y

. s_._,::,:_bt_ :fiebris _:S:f6,_'_ " " -_ " ' _" '

,yeasts are usua[!y less _z,c_ ,_to ......... , ....

dlsting'.Kshed i.ntrace!h_lar d,-.tei! end S-..e pres _P. :_e of _ w:::li d_ veloc, e_

cell wal_.

C!ostridium _genes and glc.c,_aa:,,!m _._._s a<e<_ int:o -:_"iAd roc;:e1:

prope!lant and a <o_ epo_c..¢ p_ic p;',ate?is.l "' 4_ .... _._ _ .... _nocui_:

"_ . , }
both cases consisted of I0" of each orr.jan_sm/¢:m of the p_cp_Ilant O:"

plastic° The soiid_ ,,','ere D_l;_v_r:,zeG b? s£_wir_g , ',..";.t }:. a .:.,_,.: :_ say _,,,__......

_b
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_:c:e._::imat_x, !00 mg of ee:ch oL "_..... usz_.,e

P ATican blue

4) Carbol h,_chsln

Ma!ac_.,,__e _een

Destai:li_ _,_as a._empted with the _oi_{ov.?in_so!vents_

} -,,:',at_ r

:' 2 _" 7_1c31Pn• , <; V!__ t sDr

-%
<4 Ace_one-a!cohol

•=-;] Ghiorofo;_n

Each o:f ihe!-;e destaining solutions w_e _a_ly c)ntroiled by microscopic

¢ns e_-i_ion .
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4 o D1 sc_lssion

:¢etatlcn i._,P(>s'_':e.

No differencc:s w_e ob_:e'ved '

s_L:res of g. subtiL:s.

5 o Gor;.ch:s!o::s

W_S _eiacl_eay ......,-_'-.-,-,-..... _" .,::.-,v,/:_-_,_,_0 .......r:._, _. th9 -.............. - " :... ,

spores Less '-:":::'-" :_'_"::_'- :......., -_" : "-:-: i: ".........

plastic of detectinc funga[ '..... :" "_ ':::, _.,:_,_ at,"...... c<:,::idia:..__:,:c "::, _z h"_.̀ ...., ..:it[: th,_

bacterial spores o )Detec_,.ie:},c;.fmicvo:.mganism:_ ky st:s::.:::._:_.tc.:[_-:-:T,._;::.-_:_

was more difficuIt "ha_ w;th "_ .... _' "
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_,: _l" j._-_:_- _,.:-_.:_.%-_ _IT_:'_ T_%_P7 ::_,_..C _",')_-"-!_iO',_r:'_{"_:':_ ' ' (!_,]_-_ "_'_;. ; .... } ......... : :

the microscopic [_e_(_, is ', .... ........... -_-'"_,; .... ;h,_ ,-_ _'_,_ _. ,, _,d _ -"

_+_.:a__._e_ :L.::IOZ.._:. ....... .: At_.:-,[ (_ ...... _ ' b+:̀ tb+;.:._ +__ .......

o_. fluorescent d'-:fes :vmcn .,.haw z,....ve,- :_,...=:.c,,_.._:.. ... ;-_e _ ....... .. ,.:. ;:_:_-v._c-:_-..

organisms are much om=l_e_ "'* ...... noi_,_u,".,res:>Lnt dyes ,_,,'--¢ >:,:_r_:cutine

bacteriological staining purposes. E,:_weve_:,,. ther_ are distlnc_ .=._d-va__tsges

to the use of ultxa_noiet fiuoresce:t .n_,......_-_,--_'o,_,.... v,,_ ig_ ,_>c_........ £,_-uores,>_}r::_ ] i.O'hi:

souxce system ,,n__'_',be adJu_;:e/. *,,.,.pro,,:,_:_........._-_m{c-(>::(.c :_:.: ba,4"_.c,,_=_.,: .-,::..-::/::!i¢.d

wb.[ch is e_ ; ..... _..,. :_:,,:,_.:.o ::7:_P. I.:::-_L_..:,_a :'_f S07".dZ= ' .,t_ /,_, r(:, L :'-

the fluorescent st-: 2_ the_:efc.:c -,.,, ._._...::_:_c: !:,e _<:.',,__.....,._._b_o,_ . L::.c:_a:. ;.' :". _ ::._.;:;::.-

_hoa, be ._:s :_eea-ly "°: _--'" "ground _ ,',d -........... _ . a............................

which ha_ tak_- '.,o the = ,.... -(_-'_ ;-_ "',"" '1H _'_ .=_" q ....... _ _.'-'-_*

stxucture against a c:_ntrasting _4_rk or bb)ck fi_,.d . _,'..-.

facilitates the _-,'_"_ _-': _.-_ .... _"--_" :_;,,_ati nu>'Loers

sample o



I

I
I
I

I
I

I
I

I
I
I

I
I

I
I

I

I
I

,_L i!_£ [;i. _:,:W;i:_%:'2 ;,> ...."' -"

::.;i:£ :').g CC :j..,_-'s :_2 <,::-_¢" .....":._; :.'" ;.-.[[_ :!;['-..[ :.:Z . %,t:, ;:;:.[ ; !_::.._7::.;: _, . ,.( :: L-: L:,[:S

_@;':¢L':_'[k)_:f_i." ._ _-,,..;:.._c.............,.'z.._.[!?):,-V:[I::i14f'(£' ;f[: J).(,'c:C;2" ".::-.;;.,:_:.._,.I ....[;,l"...........-!.,;.[',"

.... ....._..,,.._: ............. "'L_:)_A: _ii T_:"L_L3":£: .... _.... D 3 _. ?- O:,"J/..

......•.,_ ....,,,,-:_u..,_c_, O@LVI'_.{;V_ k3_'$i_iC;" t:;t.:_,: ;5.

organisms The re_x_ of the _'-".... ":_ t:n':._---_.i-r,-,.-'_-d'__ _,:"a_ ..............':",;'_,_....

but it did star e :h_t dead celt s 5:_',:3:c'.:s,: e.d :n_tc: _ r tu4:4. l: {]:It _::] _ ,_, _; [ ' [ ': .... ;['' : j -

,o_v,_ ones o This effect v_s d_mc.i'_s_r:'.':e,:( : " ;t,:,_r

tic, n. As th.e he_t _2._,_d the :;:._:_._. :_ '" " " J.,,'.t__ ;]uG.,.-:_ :_ .

The effe_s were repo_ted fcr ......._.....": .... ;_"

Several inve_J:igator_s _-_v_. rogT_-:-_:dth..-4't.:''_ '. _"q_>:_". _.........

living and dead celi!s, _)t:_.4r"'- - ; _ .....-,c...._¢'_-,_ !K_::;;-.-'.;.!_}t'_-.-.i_"ih-,:--

_uorescent dye. acridine- ).:a a,s_'o _:.;,:-t;,_:,,.r (: o:_0!. ,.-.;,.-: ::hq ":!',v: t,:-_ ,.,_, :,....,., :.,

,:.2
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_<:i _:_,::,<_J J'::th_ b:,_:-:.%:r :¢ p.:i_-!_:::'ee.uf::: _°_,"__,:_."_":s ,::" -,::"_ :k'-{ ani

.........,....- ,,:_,-_-._.]s::,_ea_:s ,->_. L:acteria

;_nc[-,"-:,'._.,.:.......-,_:'<._:er3_:;_:_'.._:,-'_ b.v _:_,..,._,:iyeo "_" -'°/__,_-.,._ are se_eral des( liptio:Is

" _" [_:e;,nTech. !9@2i of K_e _ise of acridine-orange for

.......w ::_,'._s.o_ne Y,tiF.o?.,_..........=......-...... , ,.,.,_,r,.po,_:._d<ir/cocec_ures usLn_

__ ,_ .:,.:.7,, at.,(! Umbx'elt t _ o ,.=_-', O_t ".-":: ....... 2 _:.o._._,_ poi;':i that celts of certain microorganisms

]o-:e _cS.d f_.tness (_t-_._<no[ reme-vab]e hv acid soh_ticrO when subjected to

;_,..<.:::._._r.:.,_c:amage. ?h.'_possibility is sugqested _' "............=...................... _a_ loss in acid fastness

._'i_b_t_a_so h,a a cor.se Taence of loss in vi._.-.:bility.,..r_-',_of +h_......,._al,,_,,.g-"--"',

i,r.-,,"_d,_rr-.'_f.)rbecta:r_,ii sDo_es, it h_:.-.,-_:......,.._.c:::._o,11a._.{_,,...._-..a:__;......,.c,._,._,_._;u='__-T'_--"_ u_siF_g

_ _n.;AT:.:_'_- "£ _%-.'::!):dCD.,:,etl :_i'e £_ __kD],<:_.O_') '.:'._ $:i } ]_,b.I<. ['_.3ra:c._z-i._" r _ - ,r=:d 'X e {O0:%:_ '_ _:" :

teGe, cyeir!e : '?:_'_['9n:_t consk_er:_d to _:_ :abiological ' "_......... u_ =, this antib:;ot_.c

is ___]',".'n'b-'..:l _,, p;_-'" _':D'-_.c;_ '_ -_"";

' _'t'-"i:'_:: r - - 52] debris
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2 _ e;noas

a_ Fluorescent Oy_.,_

|-_oceduzes for acrldine_oi'ange _n,.::i_ _z:.:-:::_......r'_:,_._a__.....

the !!terat,xe o

b o Stai::_.ng Procedures "_":

(I) " 'ifC "_'_-:.... '_.... t_t,:ac_,cU.n..:3 ...... ,-_, ....._:_- :':e:_ c.:_t_?l :i:.

The latter co:__oo_;t:_d _,ave: H,,:-: ,. "........ c ,-_ :i,_-_, :,:-:...: :l:,-: ,::..::::<i.v..a: _._._:.:!i j:: . _::

sequent p_:'oce,/,.'-.[-es. A ]J3 -f:_.- ctfo_,.ai L'_c:_'_,'::':L,,:.._ .!.3_ L%:n _,.__.s _;;7_:-. ,_: !:! .h-:..:

follo_virig fa._,_..:.,being ....... : ......

I:o dissolve the" dye._;, CaCi 2 ....o_,.._._t_c.L.).___-_ __ ", _<;:.c:s_:-_:: _.._.,.,c_..._,..... o-:* ::" ,:_:_,_ic:.:.,.,_ :"-_°....... .._. .............: 3,:_
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a_,.a as follows_

2 Pr,eix_r_ Soiutlov_ '_' _'' """ ".... " '" '

_':ny_ alcoh,:,i 0%_ :c,j "::i

Conc HC i _ ,.,!:m?

NaCl '.,)o5 gnu.

3 ° Pre,_v_e smears a:,d _.ird_y_,

St_in i_ _-_''_ ........ .A _ ..... ::,-'. ............. _.....

5 Y/,:!:s;;- <_ t_p w'_.":"

$o !):: :: i _::'.!:: if?...':",0:,_." ::; " '_ ?.......::: '" ::_ : !:"!:; :: _,:
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Ob_ec_ves use_ ',,;.e_e eith_.r ;._ 43;-[ .......;,,.,._, _r':_. elo _:,,....:_ ,.",. ",:.....:i w.,.,-=_: _; :,..--. .....; ::'.: _,,,

integral iris diapt-xagmo O._u,ar;_ were ,., .... !:,e ..,..,.-,,:: , ...... a ........

Model 250 using an Osram _" _,_,o ,,._.._,.. vre.:,_c-(_ ""_ ........ .

Fil%ers avall_..b].,_ for ,h_ light _-:-'c_, _:e::_- a 4 :-a_ _cd '-......... ..>-.--..-;; ::_ _";_,_,:

g_-o8,_ a 2 mm .,Ne=:._.absorLln9 ..........¢_'i:-_...<C:.-.1 : e. :, ._-._::,_

filtex0 UG-I_ and a 3 mm ,._. ......_:.::c._,a.,: :s:c'_ ",:-,-_', ?'2- .7, o ,: :.) :):!<: ),::,." _"

filters were "¢_--'_'__. _,,,..,=;..... Z_, 2f., ,-:<,""".,.su=_d ) 5::}_:, ""-c,., e!; cL ,:'_e .( t',2 ;.. -::, __,:,.......

_,.,..,_f_.|_--v,_-,-,,,,.._comb_natlon v,,as :'.,_e,.,,-q-..:_.... -; n:rr :-.,.:_.-.[="_" : :fT:.. ] ')...mr. _?s%. ' ° " 1 p ;[ii :124

and a _v.a,te:t 156 b.;_-zler_']........

3 o Results
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'='_,_." T_...-=:-.-D. _ i--_-f_ _.j_ =t_'_._ _

i_ inS_oduction

a o Theory of Electrophoresis

E!ectrophoresis is a me_hod of separating _rticles _ micr< o_°gani_ms

and macromolecules which depends upon their e!e=trical cha_c_e _ and

molecule shape and weight o V_en panicles _5_h an el_tr:'.c,__ _:,:_az:e

p_aced in an electric _e!d they will move toward :_-e :÷).._:r_:t_-=_j:: : _'_;!_.r:._i:t9

an opposite el,ect_Icai charge° _igure 1-7} _he dire:_!c:_ of! rr.i_:n" lor_ i_ _iS;<-t_._n ±_$

ma._.nly by the oharge in the _a_-t_c,._.."-'= _'_"__.__i,,._-',_....."'" '__ :'" :" ......... _ ';_

move with d.tffe_entvelocities and thus can be sei?P_rated_am o _.__otl ,_:

bo Potential Appllcati_n for Sep_.r_tton of _' ..... _ froth: ";(!....-;:_":",_ "-"_'

Life processes affect the _:_c_k. _'_ .................... _:_:t_';_

The life _%,gceases going on in the living ceil tend :_o r_;:_,!it_t::_,,_':,__::,:,::r <:;

47
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2 o Methods

a Description of ...............

study in which "" _ " '*_' : .... '

with a total, meg,_Jf::cation '" -:"_ _" _'';: ..... ;, _,, ....": .... ' :' _ --? '...: _'

by focusJnc, on e. qi,;e_ -_-'_ .- " ' _ "

particle to traverse a glve.'_ _ _'"-_ ....... s_c: _ __...... " "

The microscope .......,,...,.,:._focus ed ::t -<_......=. c:t :::_;o _:,_):a.:: :_:::, ._,,_:::: ::, :,-,;.c ,: ,:: :,::' : :::.::., <: - ;

ceil. Th=.,.e two p_._ne$ =_ - _:/&: _",:::?<_.,:<, < :,:;__:._ ...._,:;= ......... _::!.'.:<.::>C:Q/ n ? z ;!- .,: _:
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3 o Results

The ap[arent iso_:_IE:<:_r'_ n-.fn{-_ ......... _ _' - ' ...................

differences ol ;_uff;.c.ler:.t o:.der oS m_,,_;::itude b:; !:r:_ _-.::'< _: u ; < :, "_ ,._. .'-,_

differentiatinq, between viable [:_nd nor_v'ab_ e ,,-_]: =....... 1_:_...._.'--(:_..... c,:. _t <_v...,_i: a

more sensitive means for the m. _'_ _-. ml:_.i[-t _.-.-: _15:; .2< c,]<),.-e i<._ n .J,:i !<7 _ s

a function of . "" it would _, ............ -,._. ........... _. <<c ., _: ,-_',__

the order:of ....

so small _:hat it is /oubtf_[i to:at ev<_.) ",,_Ith _........'' ..... :........ :

method would sho_ promise°
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_ ,iļ̧ ¸



I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I.

¢ • _,fi

G C;

g'f_

%c
,''. "C)

() _-I

_._ ,3:



I

I
I
I

I
I

I
I

I
I
I

I
I

I
I

I

I
I

\,\

,

!

@

r

i

i



I
I

I
I
i

I

I
I

I
I
I

I
I

I
I

I
I

I
I

....... %_ v_ :_ ,---' ..... ,.. _!/ .

2o Me thedz

_lable cou_-t of these spore_ v..-_5_

per !O0 mg_

r jk_



I
I

I
I
I
I

I

I
I
I

I
I

I
I

I
I

I
I

I

i

:_ _ __ _ i_i_i_¸_ ¸_"



I

I
I
I

I
I

I
I

I
I
I

I
I

I
I

I

I
I

,_ e e

_,.. , ._ ,._ ,_ :: <%_ !": _t :_ - _:G_

for 20 minutes at !5 Ibs o i.-¢e,_s i_e i>. 20 ml distil_d _.e.fie_ ,,

..__

Go DISCUSSION OF DETECTION ,,,.,,"_......_,"'"_"_,_.

i. E lectr op_hores iS

The noncultu;:ing ...... , ,

for disttnguish:_"_g i_.'_twee_, b'_: g .--_.rod ....... ........- .... r,,, .... ,_ :o.,-,...,.........

and surface c[_,_r_.cte:¢ietics c:( the c:.e '_ '° _: ....

shows the types of _...,_-_i_r,,__,..,.. ...........:. _, ea .-.>l: walls . i>"e. : .o_, ''_ hk _,:):_c

.,,_. ....... t.. to !hose _ ..................possess electrical charges c'77"_" _" ,_-_s '-,_ <>g: t'_te • _h[i ',,:,_:]if cf

mlcroorganis_m may le;-,d _:_e).:_c -" ;_,"
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.... _ .........I,,,_....The solid

v;. :>i "!:::.J{:' : ,',L.__:.............._'/.-.:.-r,...{::_. ;_.:r';,"-..,....._._ _":p..,.speec:, :t.v,,es _:qv_¢_..__. ftom

= :7%: _" _'."q_ L _: :'._,'_'
.3

.A '_::,:si_ ex.s::s ¢o ._. siz_ of Fop_v'.__t: D,:. o[ any pa_ic_dlar species of

m:.c_eo_.'__nk_;v::."ScD<:_:_ be ...__'-,_:_d.on a sinjle aga surf._ceo As colonies

:.... r_.c ...... _'" "-".........,'z_,of._-v.,c.,_._more ce[}..slyin¢:so closely

",-,-=÷'_."::%:.:"--% co" :;::<s cver_.ep I.....o.s:_s _:h,_,',-'• _ which develop

_ ['::- :_.; " .-,_._:-:h _. :.,: ,_:; -:::! ,',,"-;-,.-."._,: -:,;d !-:_reb,, suppre_" s the d::vel¢ pment of

\;:t ?,:;) .'.)_ ......... t 3% _;:; ::_it;_: S 2Nit: ":'.;:h::.C: : _-'iar:: ?: :o!.:;.fer_t:.o..q. [_:::_-o

......... ';-,'_ for _.he......., "medium because'[%).) ¢_,::_. _':0_.' :::,'.'_i p[ate:i _, ,-::;"e. ,.._ (.;.;,.._ "" _o_y

_.a_,..£.o.l:t'., +" _:-o_u?e a .:ig, _:. ....of g-_e;.,minat!c,nP_,nd colony develop-

.... _uo_..is o _h_:, a,_., permit easy qu_.ntitative measurement

of: " " :_t.:,p]:,_!or: c?f ih,_ ;_,-.A._,im.r_e .... _--.:-,'_ • r_.3ovr_:_d, The program at Phase ii was

n:::t :_, !_-_,: ........... ._,. ,-...,4 ,..,. _r .... _=, .:, .e_, ,:;u;-(,> e:::; t ,_;."':r :-';cot: ery ;.',---"_,-,,_;v,__.,v. ........ ._ in the

'- ,.... """ " .._._:,...;'-..hrt_inur._.'.holdsJn the

.3_r:_!0 l-_"......._" _t :.<,:k ::r.:',: _ ..,. 2_'lcvv{: ¢:.,v:.,_ ..... "_"h<. ,7_r:!g ,".::;s ,"_,_. :_ubjeo':ed to A_i[lin_.

_. ,..m solution'_:"-:_:_::7 ",':_: C: i:: ":.,::_:::'g:._¢......-.:_ 7:3£1_,:'):-7(,.:._£ :£G'-I'_::'<_>:L°V_,J ":'r-,
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:<:: :::[!2CE<, " ; " " ._ ..............................

........ _-::, _:)_._,_ _....... G,._:_, _e sizsF.ensJor,, its particles

.....,:_,.-_-:_'_NL,_ ._ :._'e_diluted i_-_t:-;i In :_dene an= an .:_lie-uotof the
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rnate_ia] ,. ,_.,epe::L-ne,::No ,_: f c:_m :._ec: ,'*k....i, !t:I,: - ;. :[-. - -,-__.. .... • 1__::

effects of the solid material and th:; -' _- _ t_ _ _-c,_,,_z_.r,

C o RESULTS

the drill " ," ",' _,_.,,3,ov_,¢;a the most _:_fiective __.<:an'." o£ "_ '

with culturing methods. The " ........

recovery of sma[lez nu:nbaz, c.*i_o su1:;:_!i_-._{T_b;e.:-_.:1-[ the;.,::_ ::.-..:__,

Obviously the so_d_ f>:m, whi<h _Lbz_oo:/,ie3.:.a-m_,_ _>.a,; ; .,,.:._:: '.,;_d.t*_'

recovered are peraplast anl '___ ...... _:_f l_::,_:is i?:_.b.( s l_>-__ a_...t "r. __

" ?'_ .... "W_.c_ ' CC:.'._. _,:_: _ _' ""Recovery from parloclion _r..d :_._,.;,:(-,:u)__ _...,z. _ L:_ ;'k;:L'; " ":':__:;".'.".
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A va_-iety c_ soi_d m_teri,:_is were inoculated at three

....,._=_n _.ic,c_ticnS w_ith spot'es o! B, subtilis :far. _,

Ciostrldium ._13_i_g._]!_, and Uloci6d_um. The dist_bu-

riot< of the i=_o,;uIa include/ the folio'._;ing: unifo .nmly

_p,,_:d to _,_: interface betm'een

the _olid and the aluminum .id, and at the interlace of an

aku_fnum di,_c ant. the soi_d mate_a].. The microorganisms
_% 9['_. _!>[<<P[':6 _[ : ..... ;'< "

ir:,g%ech_iques. 7'he recoveries of :nicroorganisms in all

c_..s__s'_'er<_ex<rkmel?" lo-,Vo bfhe[ the inoculu:n was

u!4_o_Tmly <]ist_ibuted thrc,u=Thou[ the so'id, the recove._es

m'eLe higher d_an ";,'henthe i:%oculum was applied at either
c,f :he twc interfaces.

The solubi_.i:_y o! the various solids in a va_ety of solvents

were s_udled in Phase [[_. The toxicity of various solvents

v¢,_[f d_-_te_m_ined_

! $
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B o METHODS

I. _e___ara£_on of SoMd Mate..-._als

The solid materials Investigated _J_e lis_ed in Tab_e_ _'_-! th_°ui:[._-4_ The

catalyst used for each of th_ scl_ds has also been b_t.ed i_,.:i_:_le

ALl ma_erlals were _,:_Axedwith _l'ecat_[y'_ in t_e __c,gnu_,oe_d_J athos £_-d

showing evidence of soL[c_fylng0 T?;: d_r-tai:,cu_:, ,'.:h:c?:_:-,_'c,_::_-:_a::c_

soft alumlnum al!os,.were _uto.olav_d -,'__ b3 "___......

The tbmee locations o_ the :nccu!_: in te'..:_.ior • tO t_ _fe,:_,t'__lc;___: n con=

talners used as receptacles are shov:n i_._Figtu-e ::H-I. t_ne prc,:=ed"._re::

f_" culturing d.rille¢{speclr_ens _e sh¢;v;n on Tab.e IH-5_ Th,_ _;_:_lat_',,

speclmen_ and dril_Ing asse_,:_blyis s.ho,,,n._n_ig,'.,rei_L-.l._
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and _,aab!lity counts _ey_o_.._¢,,._ l;_._cv:, :t.g .4 ..... _-._-._. ...... i° ,,_

counting techniques w_.thin or:.e day ._:;."their use a a i,,.c_ula i_, _,oD.ds,.

NatiorJa _.Carar!.e.vg 1"-:_ir.>e: }?_A - _:):T{ i'q,_< ;: ,:./,;:.-*> .,._'I?....m ....:-: ". ...........-

ti_ts type of ....... _ ._ --.Hr.',, - .... _ Tb-._-........ _ " ' '_. :_': "7. '..' . . _::):','e$ vV'_ Y> :-_:-.:_r%. gO.

bF growing ve._._Al,,e _::ganisms Jn S_'_ir__...=_.:.._----'---_-o>*-':::_or_.... }kofih'........

• ' ._ " ¢_" " _ CC.q,-Calcium chloride was added aa a supplemen:, to t;:c.. _-:-_edia a_: a az._:,_

centration of 1 0% to er.har-ce s_rutc,:!cn0 "_-,l_: .... .:..._ ........ _S V_6:Ei_ _TP'J.WV-_:_:':,f_-_

bg cengrifugation a_ apwox!mugely '.,_,e-: . and tT:_> _.>,.i,,--,_,-,_

examined m{cromoo,,:caliv, :"O :nSui'a :[:.!_ :_,._:j, >:_>:,:f :_.72H;,:. forth c,_:.;:;_;c:._,:.";.

The su perna taut f_u.'.d was dl s::a_'dec_ .: :ud rue s i:,_,7÷_ we:_:,._w e s :_-'._o: ._i;::.:::,:*

t_mes by al:.e,,.p.a,e._ centc!fuc..,.fnej and ....... "..... ,,_>'e._ i_.'. _-terii¢_ ,.J._s:'it :_,_-_

water° The washed suspende:i celia ceer,e subj:_.c.ed to exposme ;:,:: ._,_ _ at

80 ° C for a period of i0 mlnu_:.esto des[roy su_vi,,i:Igvegetative "........ -'

to insure that )raay the spo,;ea st:¢vi7,,¢.: .:*chow:.n,.:- :his ::.eat: sl_c_y:_ :b_[

the _,, o - ,
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c= Uioclad_um

Uloc1_x'_ ....}.:'Y}-_=:.<' or/ " "} ............".......: . " :

of the Uo 8._ Ar:_!/._:-:..._..........<:_e..._::.. :,_. , ..... " 5:= [:.',..•:

mcrphologtca 1 _:_i_:e__:u-:=e _ o

The U]ocla_ur_ was g:"c_._nc:.,'.._,>.:_; L_a_c_ . ,.:.,.:.._:,_.m............._.

These organisms were na_..,..e_,_,d ._ th" ;,:_o .....

ddst:llled wa_e_ and were sub-' e-:o_-_:,'_ -to .......... - • _............ _ - _ ._ : .;:,: ! : _;_._::

Model DR50 AH ui_ra_oni:_ b_tL _,_...... " " _ * .......

discarded and res_s_en&:d _,n ......" _'_' ' "

repeated twice° The cebs w,=,.::._..........then _-:._=,spen,=1(-_d _; :-'_.:-sv_a . :-.....:._: ::_.:..:.... _"

water in a sterile dilution b,:,,.._,._nd .n°'[_eh_n._a:._.,:. _ w* a{ _:aC. ;m_::]._°-',_:_-:_:

for use as an _noculum_ A_ f;}'.',6tJ'me c..!.................c_r-,_ss_cr,<_f :,_e"'.'-_,:_:___.s:,::>:c

_et Propuislon Labor_.:';:oryjF._.at.,;o_._r_t.: o_ Sebc: _"6!_.__ ,}:_:o m-_(:::c.:_-. ,:<,::._,:

were performed,
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Rec, cverF of :_o .s_j.h_l_L waE obtained !n c-_rteLn _nstances whereas

!_.:; :::,_;:.::::..:. _- _'_._"_._ _-_ _.--_2A:' _-_-.zenot _ecover_d (Table s III- i l

'_,_":__ .i: '.c'::;u!,_ :P. v as 6 _s!.::!r_ute d uni_ormly tmroughout the

,..,.c : :,:'.:-_:_:;:r:_ i:, _e _: _,,,:r_re s uF-_;.::,:_r ts, th-:;_e, ebtained when the inocub]m

_:-: :_.. , ........ :-_ i:%e :i "*_ -'_,:'e .._Z :3 ;_.,..__:.::o ;_n_...... _.._,.M,._ o-..at the juncture

....:_'_ ..... . _.n ............... _ R._:_e grc_._:th of spores Of B, subtilis

. ,)., ..... n ..., of the w_:rtous constituents of

....... _.7{::_,-__ _.:_-9 .m_ t-_b, ":t not surprisin9 that

........ _.ze .. ;'_z-;rally _...... ..,_?an_c _o:_zer._,:__ oa ..... _,.x;._ to sp:>res of B subtil!s since some of

z ::_ce _cm_ :=.f t:t=::e _ ,.:."__nts are '.:-:.._d o _i:=_u_t th::_: c_:!! membranes cf

-_= ' ' :. -= ....... 2' _ ..... ®
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m..croorganl._n,s :_,se ,.lar_a(:[,_ ::',-, ce,!_ -,?_L_ o _' ..i:xt_.ut .... _ .

._estle Unfo: _; ....... _,':...... :,_" ". :"

].ow recoveries v,-'_.z_.'e._.iso ,'iu:::_in p:.:w_:b;.;t:h,_. :,........'d _,.ti:,.,,{ :,f_,,-..-_.:,._,_,....,._.::::,.._.-.,.

would appear that heat. pressm-e and ......;_......: " ._...._,,.,_;......._,.;.<,,

cause this method to be f,-:tr ::-:ot_. {....:.,_.;.,:;_:: ._:_ 8, u7< ::!_,.)i ;:,f [;: ................,_- :.'_".:-.:".._,_ {__."e:_

though it provideo the best ", .....,....'-- ...........,-;:_':......: ::::_:,_:_s_:;,:..-.A
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']7he objective _" P|_m;_e v _,;S?0 ,::_._,b__"_'...... :...._.-_i_':....

mixed _ncxz:alum in _',.t,Zs '.._xp_._Lm_:;:_,_ c-'...... . _' -,'-_" ........ '.

m Ic_-oorganlsms _tud_ed.

B_ METHODS

The or_anlsr,_._ were _,.._,.,._...__ an! z q< _ ,,'_,"__:_-" :;_:_=cr.'.:.:_,ec.'.!n _ ,,._.._:_"__'_ :_:

same location and ;.,,_.n-_r _s ,. ,_' ........ _. :;. :."::.:_se

analyses were performed, a l _ .i_ee ,:c.__;;_o:# ..... !.>;_ : '

In daily analyses Every t..... "_!.._,= "_q_,_VVi_,!;_:_.S 'Z[:_i0 _: J __-_';'-"_by- _, L'_ i__L:h! ;q'd___

and _n particular t,::, con_roi !.he -:_::_:.-:::.d -.:t,:--':: c:;: T_: i:._:-_-_;_:::: 3n ,:_f _h_

s_n_ples It was r_c.ted h.-)_:_.o___:,"_ •

!£!
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Do DISCUSS!ON

_[r_lfnq techniques were di_pp_.nt_n,,g!_, law:. 'i'he possible _-,::so;'_s :!_:_=_

samples the o;-gani_ms resld¢:_g _t t_he vo_-_et:_ ic),_t;..,')n_; :_: t:_¢ s_'.']_.ds -:-,4y

have been _neffect_veiy expc_..ed_, Ti:_is_?pe_'s _c be !_kei_- f,r_v:_w o _

_he fact that the particle diah _b,J.t!on of piastl-._ [).ete_fa)e ;:_!f:r:![_r f.;.t v_ _ure

to those studied indicated tb_ _ _he i(le_: pa:_tc le :. fz,_ was nelthe_ u,::: o_-m

nor sufficiently small to free [he encased orga:_:.:_r_s: _L,/'!:_:[:_:Jl_['_o_e,; ill'61!J_

tempting to reconcile these r_.s dis with tho_:_e fot._._d __[:_r 5o_ oct label _1o£_/

it was discovered that the p_:_-tf_ke stze _-hst::_]--.;.t_(.r_ cbf:_iz ;:_d du_-i;,:g
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E o CONCI.USiOHS

out the _ol_d .... " .............

appl!.ed at d',e interface of af:_ ,_-..........._._:,_ ._.._c: a.v..i. :_...... i,.;,..:_a ,._.:: <, :::*-;:, :. ::;:[

• '< ........ _" t5;_5;< i: " c ,, , z;}E'_::_[Uctoorganl sins used a ,.q ir_ocw l.,-':/Ta 2 L_,_.,_a_.;; P_'_/ _;: _:._< -_,:" _ , ..... _'{ '

peared to be _fferences in Lh'<-.,.::'eco_'er_.-_s of _-",'_" ': .....

when the n.dcYoo:,]aniE--'i]_s ws..' i,7<<,._ :.<,<: u:_'_i.:!:z'._ _ !.[ ;:.'.:(i :'.::-_ " .... :'" _'
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'l. f - L ..... ._ .

was included in, the culture n:.:di:._ end _]_': ,re.,,'. _................................. _.'_es D'.

does not 6.'.Fpe-_ _h_. s',:ch imp, •o_...=_dieco<..'.L£Tie-:- .,f>_t_ _..... ::e_;u_.t of !nhi:> :::.9=

of particle a_,ulom_,:-,_t_on

*" h"____'_FZ.tJ "-_. I./._JL

, . ,J,Gi _ _,.[:::-t.J: ....... {>:<i:::" !:C[ <,9C ",'?'7 _ _"t_:.!:.c <,J ;":_,_ i¢:;_ "_v_i i :

and stirred _*_,_ ;_ _._.f_on ="-_-':' -,---c...... .:. ,---_,, ' ......_._..... _ ..... ..t:: _'.1 .'!} ?I<._'Z"C .

The opt:irnu_ ratio of_ _ec_chln..._. .,._':_!.d to ,...:..._ ,_ _t,_ _,,_2 __;t;::.:n:_r.:

The redox potent_ai of the ::ea<:b_d .... _ ...... . _..

ntic,.,, v_z adjusted to t:_,._t c_o:..-,..::._,,=c _ t:_-:- ,,_r f ,,-measured and this pore -' " '-,..... : .....

' 1<'_
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! Sa,vlng

I PropeIlant Pa_:!cles i,
, i

(usuali,'..y 6°4 + o_ _._,,,?

! - I

_ Adjust Dr.." ',

1 3_ n_tt¢ 15 rnin w'tth ._ .... _tm :;th-rer '

i Supernatant Fluid

T_]ptlcas e

Soy Broth

Thioglycollate Broth ]

Centrifuge

Supernatant (dis card)

Pellet

Microscopic Examination

After Staining With

Fluorescent Dye

Figure "_- 1
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